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DESCRIPTION 

JVlultilayer^^ Board And Its Manufacturing Method 

Technical Field 

The present invention relates to a multilayer printed wiring board 
for various kinds of electronic equipment and its manufacturing method. 

Background Art 

In recent years, as a higher degree of functionality and components 
density is required of electronic equipment such as personal computers, mo- 
bile telephones, video cameras and the like, it has become necessary for the 
electronic components used in the electronic equipment, among which semi- 
conductor devices occupy a central position, to be smaller in size, larger in 
packing density, higher in speed and/or higher in I/O pin count. 

As a result, it has become also necessary for multilayer printed 
wiring boards to be enhanced in the ability to accommodate wiring and in the 
surface mounting density of components. In addition, as the diameter for 
each respective land for soldering becomes smaller, it has become necessary 
for the reliability in adhesion between the board and the components mounted 
thereon to be enhanced. More specifically, it has been required of a printed 
wiring board to have the capability of meeting both requirements of a high 
density as exemplified by a ball grid array (referred to as BGA hereafter) of a 
0.5 mm pitch and a small diameter land of 0.3 mm or less. For example, 
such a printed wiring board that shows excellent resistance to mechanical 
stresses such as an impact caused by a drop test and the like has been in- 
creasingly demanded. 

In order to meet the foregoing requirements, such a prior art multi- 
layer printed wiring board as described below is proposed. The prior art 
multilayer wiring board comprises an inner layer material and a photosensi- 



tive resin or a film-like insulating layer, formed on each respective surface of 
both sides of the inner layer material. The inner layer material includes a 
resin multilayer printed wiring board and the respective layers in the resin 
multilayer printed wiring board are connected to one another electrically by 
means of interstitial via holes (IVH). The photosensitive resin or insulating 
layer is formed on each respective surface of both sides of the inner layer ma- 
terial by coating or lamination. Non-through holes are formed in the inner 
layer material and the layers inside thereof are electrically connected with one 
another by means of a metal plating method. 

Next, a description is given to a manufacturing method of the fore- 
going prior art multilayer printed wiring board. 

Fig. 3 shows how the prior art multilayer printed wiring board is 
prepared. In Fig. 3, an insulating layer 12 formed of a photo-sensitive resin 
and the like is disposed on the outer most layer of the prior art multilayer 
printed wiring board 15 by means of coating or lamination. The prior art 
multilayer printed wiring board 15 comprises a conductive pattern 11 for 
outer layer, a resin insulating layer 12, an inner layer material 13, a non- 
through hole 12a and a surfoce via hole (SVH) 11a. The inner layer material 
13 includes an insulating substrate 14, a conductive pattern 14a for inner 
layer material, a copper foil 14d and a conductive paste 14b for inner layer 
material. The insulating substrate 14 is prepared from a prepreg 14c. The 
surface via hole 11a is formed by applying a metal plating to the non-through 
hole 12a formed in the resin insulating layer 12. In preparing the surface 
via hole 11a, the non-through hole 12a is formed by the use of such a method 
as a light exposure- development method, a laser irradiation method or the 
like applied to the resin insulating layer 12. The multilayer printed wiring 
board 15 has a conductive pattern inside and outside thereof, respectively. 
Now, a description is given to a manufacturing method of the multilayer 
printed wiring board structured as in above. 

First, a hole making process is applied to a prepreg 14c in the step of 
Fig. 3(a). A conductive paste 14b is filled in the hole formed as in above. 
Then, a copper foil is superimposed on the prepreg 14c and heat pressed, 



thereby having the copper foil attached by adhesion to the prepreg 14c, in 
which a conductive paste 14b is filled. Accordingly, a copper laminated 
board with a copper foil disposed by lamination on both sides of an insulating 
substrate 14, respectively, is obtained. Thereafter, a conductive pattern 14a 
5 for inner layer material is formed by the use of such publicly known methods 
as a screen printing method, a photograph method and the like. Thus, the 
insulating substrate 14 with the conductive pattern 14a put in place on both 
sides thereof, respectively, is obtained. 

In the step of Fig. 3(b), a prepreg 14c is prepared by filling a condue- 
10 tive paste 14b in a hole. The prepreg 14c filled with the conductive paste 14b 
is superimposed, respectively, on both sides of an insulating substrate 14 with 
a conductive pattern 14a formed on both surfaces thereof, respectively. Fur- 
f% ther, a copper foil 14d is superimposed on the surface of the prepreg 14c filled 

W with the conductive paste 14b. Then, those laminates are heated by a heat 

*n 

M* 15 press and a pressing force is applied thereto. 

In the step of Fig. 3(c), the publicly known screen printing method, 
js| photographic method or the like is applied to the copper foil 14d put in place in 

f the foregoing step of Fig. 3(b), thereby allowing a conductive pattern 14a to be 

further formed, respectively, on both surfaces of an inner layer material 13, 
y i 20 which is consequently obtained as Fig. 3(c) shows. 

W Next, in the step of Fig. 3(d), a resin insulating layer 12 formed of a 

photosensitive type resin and the like is applied onto the inner layer material 
13 so as to remain in a semi-hard state or the resin insulating layer 12 is 
laminated on the inner layer material 13. 
25 Then, in the step of Fig. 3(e), a non-through hole 12a is formed at a 

predetermined position by the use of an exposure- development method, a 
laser irradiation method or the like. 

In the step of Fig. 3(f), a conductive pattern 11 is formed on the resin 
insulating layer 12 and a surface via hole 11a is formed in the non-through 
30 hole 12a by metal plating. The surface via hole 11a has the function of con- 
necting electrically between an inner layer conductive pattern and an outer 
layer conductive pattern. As a result, a multilayer printed wiring board 15 
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is obtained. 

Afterwards, an application of a solder resist is performed by the use 
of such publicly known methods as a photographic method and the like and 
then working on the outside shape and the like follow* 

5 With the foregoing prior art multilayer printed wiring board, the 

inner layer material has an interstitial via hole (IVH) formed on each respec- 
tive layer at an arbitrary position and further has a small non-through hole 
ranging from about 50 \im to 100 [xm in diameter formed on the outer layer 
thereof Accordingly, the prior art multilayer printed wiring board has 

10 shown the excellent ability to accommodate wiring and to perform high den- 
sity surface mounting. However, on the other hand, the prior art multilayer 
printed wiring board has revealed a flaw of weak adhesion between the con- 
ductive pattern 14a for outer layer and the resin insulating layer 12. 
In recent years, as a higher degree of ball grid array integration and a higher 

15 degree of components density are required, a land for soldering has become 
smaller and smaller in diameter and a requirement for enhanced adhesion 
between the conductive pattern 14a for outer layer and the insulating sub- 
strate 14 has been made. 

More specifically, since a plated layer formed on a resin by metal 

20 plating shows weak adhesion therebetween, with the prior art multilayer 
printed wiring board 15, in which a conductive pattern 11 is formed on a resin 
insulating layer 12 by metal plating, the adhesion between the conductive 
pattern 11 formed on the resin insulating layer 12 and the resin insulating 
layer 12 is weak. As a result, when components are mounted densely on the 

25 multilayer printed wiring board 15 with a consequent use of small diameter 
lands for soldering, the conductive pattern 11 is liable to be peeled off the resin 
insulating layer 12 due to a mechanical stress, in particular. 

In addition, the insulating substrate 14 constituting the inner layer 
material 13 and the insulating layer 12 constituting the outer most layer are 

30 different from each other in the hardening process, resulting in a big differen- 
ce in physical properties existing therebetween. Therefore, the adhesion 
between the inner layer material and the outer most layer becomes weak. 
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Also, there is the danger of causing cracks and delamination to be created 
between the inner layer material and the outer most layer due to the heat 
produced at the time of soldering in the step of mounting components since 
there exists a difference therebetween in thermal expansion coefficient. 
5 The present invention provides a multilayer printed wiring board 

with such features as enhanced adhesion between the outer layer conductive 
pattern and the insulating layer and excellent mounting reliability against a 
mechanical stress imposed on highly integrated/densely populated compo- 
nents such as a ball grid array (BGA) of a 0.5 mm pitch and the like while 
10 maintaining the excellent features associated with the prior art multilayer 
printed wiring board in terms of the ability to accommodate wiring and the 
high density surface mounting. 

Summary of the Invention 
15 A multilayer printed wiring board of the present invention com- 

prises: 

(a) an inner layer material comprising an insulating substrate, a inner con- 
ductive pattern which is formed of a metal foil disposed on each respective 
surface of both sides of the insulating substrate, and an interstitial via hole 

20 disposed on the insulating substrate; 

(b) an insulating resin disposed on each respective surface of both sides of of 
the inner layer material; 

(c) an outer conductive pattern disposed on the surface of the insulating resin; 
and 

25 (d) a surface via hole electrically coimecting between the inner conductive 
pattern and the outer conductive pattern, 

in which the interstitial via hole connects electrically between respective 
inner conductive patterns among the plurality of inner conductive pattern- 
saterial, and 

30 the outer conductive pattern is formed of the metal foil of a metal foil with 
insulating resin, in which metal foil with insulating resin comprises the 
insulating resin and the metal foil adhered to the insulating resin. 
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A manufacturing method of a multilayer printed wiring board of the 
present invention comprises the steps of: 

(a) producing an inner layer material, 

the inner layer material comprising 
an insulating substrate, 

an inner conductive pattern formed of a metal foil disposed on each re- 
spective surface of both sides of the insulating substrate and 
an interstitial via hole disposed on the insulating substrate; 

(b) superimposing a metal foil with insulating resin on each respective surface 
of both sides of the inner layer material, in which the metal foil with 
insulating resin has an insulating resin and a metal foil adhered to the in- 
sulating resin,; 

(c) applying a pressing force to the inner layer material and the metal foil 
with insulating resin superimposed on each respective surface of both 
sides of the inner layer material while heat being applied thereto, thereby 
allowing the insulating resin to adhere to the inner layer material; 

(d) forming a non-through hole in the metal foil with insulating resin by 
working on the metal foil with insulating resin; 

(e) forming a conductive pattern for outer layer by working on the metal foil 
exposed on the surface; and 

(f) connecting electrically between the outer conductive pattern and the inner 
conductive pattern. 

As a result, a multilayer printed wiring board with the exceptionally 
excellent ability to accommodate wiring is realized. In addition, the adhe- 
sion between the outer conductive pattern and the substrate material is 
greatly enhanced. Therefore, even with a multilayer printed wiring board 
having respective lands provided with a small diameter is allowed to realize a 
high degree of components mounting reliability. 

Brief Description of Drawings 

Fig. 1 shows cross-sectional views of the production steps of a mul- 
tilayer printed wiring board in an exemplary embodiment of the present in- 



vention. 

Fig. 2 shows cross-sectional views of the production steps of a mul- 
tilayer printed wiring board in another exemplary embodiment of the present 
invention. 

5 Fig. 3 shows cross-sectional views of the production steps of a prior 

art multilayer printed wiring board. 

Best Mode for Carrying Out the Invention 

With a multilayer printed wiring board in an exemplary emboch- 

10 ment of the present invention, an inner layer material comprises an insulat- 
ing substrate and an inner conductive pattern disposed on each respective 
surface of both sides of the insulating substrate. The inner conductive pat- 
terns on the respective layers are electrically connected with one another by 
means of interstitial via holes (TVH). 

15 On both surfaces of the inner layer material are beforehand superimposed, 
respectively, a metal foil with insulating resin comprising a metal foil and an 
insulating resin which to has strong adhesion with the metal foil, and the re- 
sulting laminates are heated and pressed. Then, a non-through hole is 
formed on the metal foil with insulating resin and the inner conductive pat- 

20 tern and the outer conductive pattern are electrically connected with each 
other by a metal plating and the like. Accordingly, a multilayer printed 
wiring board with the exceptionally high ability to accommodate wiring is 
obtained. In addition, since the metal foil with insulating resin as described 
in above is employed as an outer layer material, the strength of adhesion be- 

25 tween the insulating resin and the metal foil is intensified dramatically. As 
a result, even when the lands to connect to the outer conductive patterns are 
small in diameter, an excellent component mounting strength is allowed to be 
maintained. 

A multilayer printed wiring board in an exemplary embodiment of 
30 the present invention comprises (a) an inner layer material formed of a base 
material impregnated with resin and provided with a through hole, a conduc- 
tive paste filled in the through hole and an inner conductive pattern formed 
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of a metal foil laminated on both surfaces of the base material, respectively, 
(b) an outer conductive pattern formed of the metal foil of the metal foil with 
insulating resin attached disposed on both surfaces of the inner layer material, 
respectively, and (c) a surface via hole disposed in the non-through hole 
formed on the metal foil with insulating resin for connecting between the 
outer conductive pattern and inner conductive pattern. The respective inner 
conductive patterns disposed on both surfaces of the base material are con- 
nected with each other by means of an interstitial via hole formed in a 
through hole. Accordingly, the exceptionally high ability to accommodate 
wiring is allowed to be realized. Furthermore, the strength of adhesion be- 
tween the outer conductive pattern and the base material is intensified to an 
extreme extent, thereby allowing the respective lands with even a small 
diameter provided to a multilayer printed wiring board to attain a high degree 
of components mounting reliability. 

A manufacturing method of a multilayer printed wiring board in 
another exemplary embodiment of the present invention comprises the steps 
of 

(a) forming a through hole in a sheet like resin impregnated base material, 

(b) filling a conductive paste in the through hole, 

(c) superimposing a metal foil on both surfaces of the resin impregnated base 
material, respectively, and applying a pressing force thereto while heat 
being applied, 

(d) forming a circuit by working on the metal foil and forming an inner con- 
ductive pattern on both surfaces of the base material, respectively, thereby 
forming an inner layer material, 

(e) superimposing a metal foil with insulating resin on the outer most layer 
of each respective surface both sides of the inner layer material and ap- 
plying a pressing force thereto while heat being applied, 

(f) providing a non-through hole to the conductive pattern with insulating 
resin of the outer most layer and 

(g) connecting electrically between the inner conductive pattern and the 
metal foil on the outer most layer via the non-through hole. 
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Accordingly, the respective inner conductive patterns disposed on both 
surfaces of the base material are electrically connected to each other by means 
of the conductive paste filled in the through hole. 

It is preferred that the non-through holes are formed by laser beam 
5 machining. 

It is preferred that a metal plating is applied to the non-through 
hole, thereby allowing the inner conductive pattern and the outer conductive 
pattern to be connected to each other. Thus, a surface via hole for outer 
layer can be formed readily on the land of an interstitial via hole for inner 

10 layer material, thereby achieving a remarkably high degree of the ability to 
accommodate wiring. 

It is preferred that an insulating resin having sufficient adhesion to 
metal is used as the insulating resin for a metal foil with insulating resin. 
It is particularly preferred that the metal foil with insulating resin comprises 

15 a metal foil and an insulating resin applied by coating on the metal foil, there- 
by enhancing the adhesion strength between the outer conductive pattern and 
the insulating resin. 

It is preferred that through holes and non-through holes are formed 
by laser beam machining, thereby allowing smaller diameter holes to be 

20 formed with a higher degree of productivity in comparison with a conventional 
drilling method. 

It is preferred that, when a non-through hole is formed on a metal 
foil with insulating resin for outer most layer, an area of the metal foil, where 
the non-through hole is formed, is made free of the metal foil beforehand. 

25 Accordingly, a laser beam with a larger diameter than the diameter of the 
non-through hole is allowed to be used in laser beam machining. Therefore, 
it is no longer needed to make a positional adjustment in laser beam machin- 
ing for each respective non-through hole, thereby allowing the small diameter 
non-through holes to be formed with a high degree of productivity. 

30 It is preferred that the step of electrically connecting between the 

inner conductive pattern and the outer conductive pattern includes a process 
of applying a metal plating. The process of applying a metal plating reduces 



resistance between the conductive patterns and enhances the reliability of 
connection. 

It is preferred that, in the step of forming a non- through on a metal 
foil with insulating resin for outer most layer, an area of the metal foil, where 
the non-through hole is formed, is made free of the metal foil in advance, 
thereby allowing the laser beam machining for forming the non-through hole 
to be performed with a laser beam of a larger diameter than the non-through 
hole's diameter with a resulting calibration of the displacements of the laser 
beams extending into the area where the metal foil is eliminated beforehand. 
Therefore, the non-through holes are formed correctly and accurately with 
reliability. 

It is preferred that the resin, with which the base material is im- 
pregnated, is the same material as the insulating resin used in the metal foil 
with insulating resin. It is particularly preferred that the resin is an epoxy 
resin. Accordingly, the base material is prevented from warping after reflow 
soldering and also delamination between layers is prevented from taking 
place. In addition, heat resistance of the base material is enhanced. 

It is preferred that the base material constituting an insulating sub- 
strate comprises an incompressible and porous base material formed of aro- 
matic polyamide. In addition, the resin, with which the base material is 
impregnated, comprises a thermosetting resin, thereby contributing to a re- 
duction in weight of a resulting multilayer printed wiring board and, further, 
to enhancement of heat resistance. As a result, the reliability of the multi- 
layer printed wiring board is enhanced. Furthermore, the use of the incom- 
pressible and porous base material contributes to enhancement of the reli- 
ability in connection between conductor projections and a metal foil. 

A multilayer printed wiring board in another exemplary embodi- 
ment of the present invention comprises 

(a) an inner layer material having an insulating substrate, an inner conduc- 
tive pattern formed of a metal foil disposed on both sides of the insulating 
substrate, respectively, and an interstitial via hole disposed on the insu- 
lating substrate, 
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(b) an insulating resin disposed on both sides of the inner layer material, re- 
spectively, 

(c) an outer conductive pattern disposed on the surface of the insulating resin 
and 

5 (d) a surface via hole to connect electrically between the inner conductive 
pattern and the outer conductive pattern. 

The outer conductive pattern is formed of a metal foil with insulating resin 
comprising the insulating resin and a metal foil attached by adhesion to the 
insulating resin, the inner conductive pattern further has a conductor projec- 

10 tion electrically connected to the wiring pattern for inner layer material and 
the conductor projection is connected to the outer conductive pattern by 
piercing through the insulating substrate. The conductor projection per- 
forms the function of the interstitial via hole. 

It is preferred that the insulating substrate is formed of a base ma- 

15 terial and a sheet like resin prepreg containing a resin, with which the base 
material is impregnated, with a hardening process applied to the resin 
prepreg. The conductor projection pierces through the resin prepreg. The 
insulating resin has a non-through hole. In the non-through hole is formed 
the surface via hole. 

20 A manufacturing method of a multilayer printed wiring board in 

still another exemplary embodiment of the present invention comprises the 
steps of 

(a) forming a cone or pyramid shaped conductor projection at a predetermined 
position of a metal foil, 

25 (b) stacking the metal foil and resin impregnated sheet like base material on 
top of each other with the metal foil's surface, where the conductor projec- 
tion is located, made opposite to the base material and applying a pressing 
force thereto while heating, thereby having the resin impregnated base 
material pierced with the conductor projection to connect electrically be- 

30 tween the metal foils disposed on both respective sides of the base mate- 
rial, 

(c) forming an inner layer material by working on the metal foil to form an 
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inner layer conductive circuit that acts as an inner conductive pattern, 

(d) superimposing a metal foil with insulating resin on the inner layer mate- 
rial, 

(e) forming a conductive pattern for outer layer by working on the metal foil 
5 part of the metal foil with insulating resin, 

(f) forming a non-through hole by applying laser beam machining to the 
metal foil layer with insulating resin, and 

(g) providing a surface via hole for connecting between the outer conductive 
pattern and the inner conductive pattern. The conductor projection per- 

10 forms the function of an interstitial via hole. 

According to the structure as described in above, enhancement of 
the freedom of designing a multilayer printed wiring board is realized, thereby 
allowing the production of multilayer printed wiring boards to be carried out 
with a simple manufacturing process to required specifications. 

15 It is preferred that the non-through hole is formed by laser beam 

machining. 

It is preferred that a metal plating is applied to the non-through 
hole, thereby allowing the inner conductive pattern and outer conductive 
pattern to be connected electrically with each other through a conductive layer 

20 formed by the metal plating. 

Accordingly, a surface via hole of the outer layer is allowed to be 
formed readily on the land of the interstitial via hole of the inner layer mate- 
rial, thereby making it possible to achieve a remarkably high degree of the 
ability to accommodate wiring. In addition, the adhesion strength between 

25 the outer conductive pattern and the base material is extremely intensified, 
thereby enabling the realization of a high degree of components mounting 
reliability even with the use of small diameter lands. 

It is preferred that the conductor projection is formed by hardening 
a conductive paste, thereby allowing many projections to be formed easily by a 

30 simple process. As a result, the configuration of each respective conductor 
projection is made uniform and stabilized, thus enabling the realization of a 
multilayer printed wiring board with stabilized interstitial via holes. 
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It is preferred that an insulating resin having sufficient adhesion to 
metal is used as the insulating resin for a metal foil with insulating resin. It 
is particularly preferred that the metal foil with insulating resin comprises a 
metal foil and an insulating resin applied by coating on the metal foil, thereby 
5 enhancing the adhesion strength between the outer conductive pattern and 
the insulating resin. 

Next, a description is given to a few exemplary embodiments of the 
present invention with reference to drawings. 

10 First Exemplary Embodiment 

Fig. 1 shows cross-sectional views of the production steps of a mul- 
tilayer printed wiring board in a first exemplary embodiment of the present 
gji invention. In Fig. 1, a multilayer printed wiring board 9 comprises an inner 

•tf layer material 1, a metal foil with insulating resin 5, a outer conductive 

f*: 15 pattern 8 and a surface via hole (SVH) 7. The inner layer material 1 in- 
y| eludes an insulating substrate 3, a inner conductive pattern 2 and a conduc- 

tive paste 4. The metal foil with insulating resin 5 includes a non-through hole 
6, which is formed by laser beam machining applied to the metal foil with 
H; insulating resin 5. The surface via hole (SVH) 7 is formed of a non-through 

s| 20 hole 6 with a metal plating applied thereto. An interstitial hole (IVH) is 
?J formed in the inner layer material 1. The surface via hole (SVH) 7 is formed 

in an outer layer. All the layers have the conductive pattern 2 disposed 
thereon, respectively. 

Next, a description is given to a manufacturing method of the mul- 
25 tilayer printed wiring board constructed as described in above. 

First, a resin prepreg 3 is prepared to form an insulating substrate 
for inner layer material. The resin prepreg 3 comprises an aramid non- 
woven fabric base material and an epoxy resin impregnated therewith. The 
resin prepreg is shaped like a sheet and in a semi-rigid state and also has in- 
30 compressibility. In other words, the base material is porous and incom- 
pressible. An aramid fiber is a fiber formed of aromatic polyamide. 

In Fig. 1(a), a through hole is formed in a resin prepreg 3a by C0 2 
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laser beam machining and then a conductive paste 4a is filled in the through 
hole, thereby forming a interstitial via hole. Thereafter, a copper foil is su- 
perimposed on both sides of the resin prepreg 3a, respectively. Thus, a cop- 
per-clad laminate before hardening is produced. Afterwards, a pressing for- 
ce is applied to the copper-clad laminate before hardening while heat being 
applied thereto via a heating press, thereby having the copper foil adhered to 
the resin prepreg 3a and also having the prepreg 3a hardened. Thus, a cop- 
per-clad laminate comprising an insulating substrate 3a for inner layer mate- 
rial and a copper foil attached by adhesion on both sides thereof, respectively, 
is produced. Then, the copper foil of the copper-clad laminate is worked on 
according to a screen printing method or a photographic method, thereby 
forming a first inner conductive pattern 2a. The first inner conductive 
patterns 2a formed on both sides of the insulating substrate 3a are electrically 
connected to each other by means of the interstitial via hole provided with a 
conductive paste. 

Next, another copper-clad laminate before hardening is superim- 
posed on the insulating substrate 3a having the first inner conductive pattern 
2a. The foregoing another copper-clad laminate before hardening comprises 
a resin prepreg 3b provided with a through hole, a conductive paste 4b filled in 
the through hole and a copper foil superimposed on the resin prepreg 3b. 
Then, the foregoing another copper-clad laminate before hardening is heat 
pressed, thereby having the copper foil attached by adhesion on the resin 
prepreg 3b and also having the resin prereg 3b hardened. 
Thereafter, the copper foil disposed on each respective outer side of the resin 
prepreg 3b is worked on according to a screen printing method or a photo- 
graphic method to produce a second inner conductive pattern 2b. Thus, an 
inner layer material 1 as Fig. 1(a) shows is produced. A plurality of conduc- 
tive patterns such as the first inner conductive pattern 2a, the second inner 
conductive pattern 2b and the like are connected electrically with one another 
by means of the interstitial via holes, each provided with a conductive paste. 

Next, in Fig. 1(b), a metal foil 5 with insulating resin is superim- 
posed on both sides of the inner layer material 1, respectively. The metal foil 
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with insulating resin 5 preferably comprises a metal foil 5a and an insulating 
resin 5b. It is also preferred that the metal foil with insulating resin 5 com- 
prises the metal foil 5a and the insulating resin 5b in a semi-rigid state that is 
applied by coating on the metal foil 5a. The insulating resin 5b shows a 

5 strong adhesion against the metal foil 5a. A pressing force is applied to the 
inner layer material 1 and the metal foil with insulating resin 5 combined by 
lamination while heat being applied thereto by means of a heating press, 
thereby allowing the metal foil with insulating resin 5 to be attached by 
adhesion on the inner layer material 1 and also allowing the insulating resin 

10 5b to harden. 

It is preferred that, in the present manufacturing step, such a sur- 
face treatment as a surface-roughen treatment, a rust prevention treatment 

fj or a baking treatment is applied to the surface of the first inner conductive 

ilk' 

% pattern 2a of the inner layer material 1 or the surface of the copper foil used in 

f^; 15 the preceding step thereof before the metal foil with insulating resin 5 and the 
y| inner layer material 1 are put together by lamination. As the surface- 

jtjj roughen treatment are utilized a soft etching method and the like. As a re- 

f , suit, the adhesion between the first inner conductive pattern 2a and the metal 

^ foil with insulating resin 5 is enhanced remarkably. In addition, an internal 

S$ 20 stress created by differentials in thermal contraction existing between the 
"tj inner layer material 1 and the metal foil with insulating resin 5 located on the 

outer most layer thereof is reduced, resulting in the prevention of cracks and 
further in the prevention of delamination from occurring between the inner 
layer material 1 and the metal foil with insulating resin 5. 
25 It is farther preferred that the insulating resin 5b of the metal foil 5 

with insulating resin is formed of the same resin, i.e., epoxy resin, as used in 
the aforementioned insulating substrates 3a and 3b for inner layer material. 
Accordingly, the aforementioned internal stress is greatly reduced with a re- 
sulting contribution to the remarkable enhancement in an effect of preventing 
30 the creation of cracks and also preventing the delamination between layers 
from taking place. 

Aramid fibers are preferably used in the base material for the insu- 
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lating substrates 2a and 2b for inner layer material. The reasons for that 
are as follows: 

(1) When a conventional base material of paper is used together 
with phenol resin, epoxy resin, polyester or the like as the insulating substrate 

5 for inner layer material, it is difficult for small through holes ranging from 
about 30 \im to 100 \im in diameter to be formed accurately by laser beam 
machining. Therefore, it is not practical to use the paper base material in 
terms of productivity. 

(2) Aramid nonwoven fabrics show excellent laser beam machi- 
10 nability. More specifically, an insulating substrate using an aramid non- 
woven fabric base material allows a small through hole ranging from about 30 
jxm to 100 |xm in diameter to be formed more accurately by laser beam ma- 
chining in comparison with an insulating substrate prepared by the use of 
paper, glass nonwoven fabric or glass woven fabric. Further, in the step of 

15 filling a conductive paste in a through hole, the conductive paste filling work is 
allowed to be performed with stability. In addition, with the insulating sub- 
strate using a glass nonwoven fabric base material, a conductive paste can be 
filled in a small hole ranging from about 30 jxm to 100 fxm in diameter more 
accurately when compared with the case where a glass woven fabric base ma- 

20 terial is used in the insulating substrate, 

(3) Even if a small non-through hole ranging from 30 \xm to 50 \im 
in diameter can be formed on the outer most layer, it is impossible for the 
ability of a multilayer printed wiring board to accommodate wiring to be en- 
hanced provided that a small through hole ranging from 30 |xm to 50 \xm in 

25 diameter is not allowed to be formed in the inner layer material. In contrast 
to the foregoing, when an aramid fiber nonwoven fabric is used as the base 
material for the insulating substrates 3a and 3b, a small through hole ranging 
from about 30 \im to 100 \xm in diameter can be formed accurately and, fur- 
ther, a conductive paste can be filled in the through hole accurately. 

30 (4) Since a metal foil 5 with insulating resin is disposed as the outer 

most layer, it is necessary to reduce the adverse effect of a thermal stress cre- 
ated at the boundary between the outer most layer and the inner layer mate- 
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rial. The aramid fibers are strong in mechanical strength, high in heat resis- 
tance temperature, excellent in physical properties and also excellent in in- 
compressibility and, therefore, the adverse effect of a thermal stress created at 
the boundary between the outer most layer and the inner layer material can 
5 be made minimal. As a result, a multilayer printer wiring board suitable for 
the practical use is made available. 

(5) The nonwoven fabrics of aramid fiber show excellent incom- 
pressibility. Usually, as in the present exemplary embodiment, an inner 
layer material is formed by an application of a pressing force while heat being 

10 applied. Then, a metal foil 5 with insulating resin is superimposed on both 
surfaces of the inner layer material, respectively, and a plurality of times of 
the heating press step, in which a pressing force is applied to the laminate of 
the inner layer material and metal foil 5 while heat being applied thereto, are 
repeated with resulting creation of an internal stress. However, when a 

15 prepreg comprising a base material of aramid nonwoven fabrics is used as in 
the present exemplary embodiment, the internal stress created can be re- 
lieved even if the prepreg is exposed to a plurality of times of the compression 
step of heating, pressing and the like. In addition, the resistance between 
the conductive pastes 4a and 4b of the inner layer material 1 and the conduc- 

20 tive patterns 2a and 2b of copper foil can be reduced. 

Next, in reference to Fig. 1(c), a photosensitive etching resist is ap- 
plied on the entire surface of the metal foil with insulating resin 5, exposed to 
fight and developed, thereby allowing the photosensitive etching resist to be 
eliminated from an area, where a non-through hole is formed. Thereafter, 

25 an area of the metal foil on the outer most layer, where the non- through hole 
is formed, is made free of the meal foil in advance by the use of an etching 
solution such as second copper chloride and the like. A hole having a diame- 
ter larger than the diameter required by the foregoing hole by 5 % to 10 % is 
formed by laser beam machining, thus obtaining a non-through hole 6. 

30 Then, the inner walls of the non-through hole 6 is treated with a 

permanganic acid solution and the like to eliminate the exposed resin on the 
surface of the metal foil of the inner layer material 1. The foregoing process 
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is repeated as many times as necessary. 

Next, in reference to Fig. 1(d), a metal plating layer is disposed on 
the entire surface of the metal foil 5a having the non-through hole 6 by means 
of electroless plating or electroplating. At this time, the metal plating layer 
is also formed on the walls of the non-through hole 6. Afterwards, a surface 
via hole (SVH) 7 and a conductive pattern 8 for outer layer are formed by such 
methods as a screen printing method, a photographic method and the like. 
Thus, a multilayer printed wiring board 9 is obtained. Further, the conduc- 
tive patterns 2a and 2b for inner layer material and the conductive pattern 8 
for outer layer are electrically connected with one another by means of the 
metal plating layer. Accordingly, the surface via hole (SVH) 7 is formed. 

Furthermore, in the present exemplary embodiment, when a non- 
through hole ranges from 30 \im to 50 jxm in diameter, a metal plating layer 
disposed on the walls of the non-through hole is probably buried under the 
metal plating layer itself. When the non-through hole ranges from 50 \im to 
100 \im in diameter, about 50 % of the metal plating layer disposed on the 
walls of the non-through hole may be buried under the metal plating layer 
itself. As a result, the adhesion strength between the surface via hole 7 and 
the insulating resin 5b is allowed to be intensified. In addition, it is also pos- 
sible for the surface via hole (SVH) 7 to be used as the conductive pattern to 
form a soldering land for components mounting, thereby contributing to en- 
hancement in components mounting density. 

Although the inner layer material comprises a plurality of insulat- 
ing substrates and a plurality of inner conductive patterns in the present 
exemplary embodiment, it is also possible for the inner layer material to em- 
ploy a structure, in which the inner layer material comprises an insulating 
substrate and a inner conductive pattern disposed on both sides of the insu- 
lating substrate, without being limited to the aforementioned structure. 

Second Exemplary Embodiment 

Next, a description is given to a more specific exemplary embodi- 
ment of the present invention with reference to Fig. 1 used in the description 



18 



# of the foregoing first exemplary embodiment. 

In Fig. 1, the interstitial via hole (IVH) formed in the inner layer 
material has a conductive paste in place of the metal plating layer, thereby 
allowing the land formed on the area, where the interstitial via hole is locate, 
5 to show excellent smoothness. As a result, the formation of a surface via 
hole (SVH) 7 on the land provided with the aforementioned smoothness is 
made possible easily by metal plating from the outer layer through the non- 
through hole 6 on the metal foil 5 with insulating resin. As the insulating 
resin 5b of the metal foil with insulating resin 5 is used an epoxy resin. On 
10 the other hand, to serve as a control example, an insulating layer is formed on 
both surfaces of the inner layer material as the outer most layer, respectively, 
and then a surface via hole (SVH) for the non-through hole and an outer 
H conductive pattern are formed by metal plating. Thus, a multilayer printed 

|| wiring board is produced as the control example. The multilayer printed 

2 15 wiring board prepared according to the method employed in the present ex- 
ISP emplary embodiment and the multilayer printed wiring board prepared ac- 

PHI cording to the method employed in preparing the control example are com- 

y pared in the adhesion strength between the insulating resin 5b and the metal 

|| plating layer 5c of the area where a surface via hole (SVH) is formed, and also 

% 20 in the adhesion strength between the insulating resin 5b and the outer con- 

&%\ 

j*i ductive pattern 8. The results of the comparisons are summarized in Table 

1. 

Five samples each for the present exemplary embodiment and the control 
example are prepared for use in the comparison tests. The test method com- 
25 prises the steps of melting a solder ball on a predetermined land and cooling 
the melted solder ball quickly, then pulling the solder ball at a shifting speed 
of 200 [im/sec and measuring the tensile strength required to pull the solder 
ball under the aforementioned state. 
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Table 1 





Non-through Hole 
Diameter (|im) 


Land Diameter 
(f*m) 


Present 
Example 


Control 
Example 


Adhesion 
Strength be- 
Tween SVH 
& Insulator 
(Newton) 


50 


150 


0.96 


0.49 


75 


175 


1.12 


0.54 


100 


200 


1.37 


0.61 


Adhesion 
Strength be- 
Tween Con- 
ductive Pat- 
tern & In- 
sulator (N) 




150 


0.74 


0.15 




175 


0.88 


0.22 




200 


1.25 


0.36 



As Table 1 shows, the multilayer printed wiring board prepared 
according to the method in the present exemplary embodiment has about two 
to five times the adhesion strength of the multilayer printed wiring board 
prepared according to the method of the control example in both the adhesion 
strength between the insulating resin 5b and the metal plating layer 5c of the 
area where a surface via hole (SVH) is formed and the adhesion strength be- 
tween the insulating resin 5b and the conductive pattern 8 for outer layer. 

Furthermore, in the present exemplary embodiment, the method of 
applying a pressing force to the insulating resin under a semi-rigid state while 
applying heat thereto by means of a heating press allows the step of applying 
the insulating resin by coating on the outer most layer to be performed with a 
smaller extent of variation in thickness and with excellent surface smoothness 
in comparison with the prior art method applying the insulating resin on the 
surface of the inner layer material by coating or by lamination. 

Moreover, when the same resin as used in the resin prepreg of the 
insulating substrate is employed as the insulating resin 5b of the metal foil 
with insulating resin 5, such defects as warpage, degradation in heat resis- 
tance, delamination between layers and the like after solder reflowing are not 
at all recognized to have occurred with the resulting multilayer printed wiring 



20 



boards. It is particularly preferred that an epoxy resin is used as tlie afore- 
mentioned resin. 

As described in above, the multilayer printed wiring board in the 
present exemplary embodiment shows the remarkably excellent ability to 
accommodate wiring and further enhances extensively the adhesion strength 
between the insulating resin and the surface via hole (SVH) and also the ad- 
hesion strength between the insulating resin and the outer conductive pattern. 
Better still, even when components are mounted on small diameter lands, the 
components are allowed to be mounted accurately, thereby achieving a high 
degree of reliability. 

Third Exemplary Embodiment 

Fig. 2 shows the manufacturing steps for a multilayer printed wir- 
ing board in another exemplary embodiment of the present invention. 
A description is particularly given to the method for forming an inner layer 
material that is different from the method used in the first exemplary em- 
bodiment. 

In reference to Fig. 2(a), a cone or pyramid shaped conductor projec- 
tion 22 is formed on a copper foil 21a at a predetermined position thereof by 
means of a printing method or a transferring method. It is preferred that 
the conductor projection 22 is formed of a conductive paste. 

In reference to Fig. 2(b), a resin prepreg 23 is prepared to act as an 
insulating substrate for inner layer material. The resin prepreg 23 compris- 
es an unwoven fabric base material of aramid fibers and an epoxy resin im- 
pregnated in the base material. The resin prepreg 23 thus formed is in a 
semi-rigid state. A second copper foil 21 b is superimposed on the upper 
surface of the resin prepreg 23 and a first copper foil 21a with the conductor 
projection 22 is superimposed on the lower surface of the resin prepreg 23. 

In reference to Fig. 2(c), a pressing force is applied to the first copper 
foil 21 a with the conductor projection 22, resin prepreg 23 and second copper 
foil 21b while heat being applied thereto. As a result, the conductor projec- 
tion 22 pierces through the resin prepreg 23 and also the first copper foil 21a, 



resin prepreg 23 and second copper foil 21b are put together with one another 
by adhesion, and then the resin prepreg 23 is hardened, thereby finishing the 
formation of an insulating substrate of the resin prepreg 23. Thus, a lami- 
nated board 24 is produced. 

Then, in reference to Fig. 2(d), by working on the first copper foil 21a, 
a first inner conductive pattern 25a is formed and by working on the second 
copper foil 21b, a second inner conductive pattern 25b is formed. The first 
inner conductive pattern 25a is a first inner conductor circuit 25a and the 
second inner conductive pattern 25b is a second inner conductor circuit 25b. 
Thus, a inner conductor circuit 25 formed in the inner laminated board 24. 

Thereafter, according to the same method as employed in the step of 
Fig. 1(b) of the first exemplary embodiment, a superimposing process of the 
metal foil with insulating resin 5 is performed. The metal foil with insulat- 
ing resin 5 comprises a metal foil 5a and a semi-rigid insulating resin 5b 
applied by coating to the metal foil 5a. A pressing force is applied to the in- 
ner laminated board 24 and the metal foil with insulating resin 5 while heat 
being applied thereto by means of a heating press, thereby allowing the metal 
foil with insulating resin 5 to adhere onto the inner laminated board 24 and 
also allowing the insulating resin 5b to harden. Afterwards, the process of 
the same steps as described in Fig. 1(c) and Fig. 1(d) is performed, thereby 
finishing the production of a multilayer printed wiring board. 

Although the multilayer printed wiring board in the present third 
exemplary embodiment comprises the first inner conductive pattern 25a and 
the second inner conductive pattern 25b disposed on both surfaces of the 
single laminated board 24, respectively, it is also possible for the multilayer 
printed wiring board with a plurality of the laminated boards 24 included 
therein to be produced without being limited to the aforementioned structure. 
In other words, according to the same method as employed in the step de- 
scribed in Fig. 1(a) of the first exemplary embodiment, an inner layer material 
having a plurality of the laminated boards 24 is produced. Furthermore, by 
repeating the steps as described in Fig. 2(b) and Fig. 2(c), the laminated board 
24 is allowed to assume a further multilayered structure. 
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The methods as described in the first exemplary embodiment to the 
third exemplary embodiment allow multilayer printed wiring boards to be 
produced in accordance with required specifications by simple manufacturing 

5 steps. In addition, the multilayer printed wiring boards in the foregoing 
exemplary embodiments have the extremely excellent ability to accommodate 
wiring. Moreover, the strength in adhesion between a outer conductive 
pattern and a base material is remarkably enhanced. As a result, it becomes 
possible to realize a high degree of components mounting reliability even with 

10 a multilayer printed wiring board comprising lands that are small in diame- 
ter. 
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Industrial Applicability 

According to the structure disclosed by the present invention, an 

15 inner layer material has an interstitial via hole (TVH) formed of a conductive 
paste and, therefore, a land of the interstitial via hole (IVH) of the inner layer 
material can be formed so as to have smoothness, thereby allowing a surface 
via hole (SVH) to be formed on the land easily by means of a metal plating 
method applied from an outer layer. As a result, the ability of a resulting 

20 multilayer wiring board to accommodate wiring is enhanced extensively. 
Furthermore, since the insulating resin used in a metal foil with insulating 
resin shows strong adhesion against metal, the strength in adhesion between 
the insulating resin and the metal foil is enhanced dramatically, thereby al- 
lowing an excellent component mounting strength to be maintained even 

25 when the outer conductive pattern is reduced in diameter. 
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